Jor Bay Lombok is a marine protected area (MPA) which is initiated by local communities, which have a local-driven marine management regulation called Awiq-awiq. Unfortunately, the fisheries condition has continued to decline in the past decades, where the rate of exploitation of capture fisheries in Jor Bay shows an unbalanced condition because the harvest value is still higher than the recruitments and growth. Awiq-awiq regulates all existing utilization and protection of marine resources, but yet, has not included spatial aspects, leaving a situation that leads to unsustainability for fisheries resources and other resources. Balanced zoning of ecosystems and marine resources is needed in order to ensure the sustainability of the fisheries system in Jor Bay. This paper aims to illustrate how a marine spatial planning approach in a local MPA can be built with a community-based zoning system. The integration of local systems and formal-government systems is very effective and fast in the development of MPA zoning systems by considering the optimum allocation of the existence of ecosystems that guarantee the natural metabolic processes of the fisheries system in the Bay. The implementation of the MPA zoning system is expected to be able to support the guarantee of sustainable fisheries production for the surrounding region.
Introduction
Around the world, marine ecosystems show signs of distress, including drastically diminished fish stocks, habitat destruction and pollution. In order to address these and other marine environmental issues, many countries are conducting marine spatial planning (MSP) [1] . The Government of Indonesia is trying to protect marine resources to stop damage and restore to the environment and marine ecosystems, including habitat for fisheries resources, by reserving a conservation area of 20 million hectares by 2020 and 25 million hectares by 2025. Indonesia has made rules and guidelines to establish conservation areas and open up opportunities for anyone to initiate, be it individual, community, private, Non-Government Organization (NGO) or local government. However, these processes are very complex and must have the support and understanding of all parties. The community assumes that the existence of a conservation area is considered to limit the space for community activities, especially reducing the fishing ground area.
Indonesia has made rules and guidelines for establishing conservation areas and open up opportunities for anyone to initiate, be it individual, community, private, NGO or local government. However, these processes are very complex and must have the support and understanding of all parties.
Historically, Indonesian people have proven to have traditional fisheries management practices [2] , and many of these community groups have local wisdom in managing and protecting natural resources, including coastal and marine, such as sasi, tiatiki, awiq-awiq, etc.. The purpose of establishing a marine conservation area is to ensure the sustainability of fisheries resources by providing healthy habitats and ecosystems for the development of fisheries biota and the protection of marine ecosystems, as well as being targeted in sustainable development goals (SDGs target 14) . The function of fisheries itself has three aspects, namely protecting and restoring fish stocks, supporting fishing livelihoods and feeds more people [3] .
The community of Jor Bay area has the local knowledge-based rules on coastal and marine resources management called "Awiq-awiq" 1 , and they had formed the Lembaga Pemangku Awiq-awiq Teluk Jor -Jor Bay regulatory authorities (LPATJ) as mandated institution to manage multi marine resources utilization including fisheries management. However, the Rules do not include zoning system yet. It makes LPATJ difficult to enforce the awiq-awiq. Due to the unclear zoning of bay, there is no specific area that was protected, therefore depleting and over-exploitation of resources is occurring continuously. It is necessary to be established MSP with zoning system which integrates local knowledge, scientific approach and government systems to build an effective MPA, as well as to manage sustainable fisheries in the bay.
MSP is a framework that informs the spatial distribution of marine resources, activities, uses, both existing and future based on ecological, economic and social objectives [4] . Zoning is a ubiquitous land use planning and regulatory mechanism whose purpose is to provide for orderly community growth and development by segregating land uses that are deemed incompatible. Zoning seeks to prevent new development from interfering with existing uses and, to preserve community "character", but is also used to implement government plans and policies related to economic development and urban renewal [5] . Participatory mapping is an approach which can apply for identifying conservation areas necessary to safeguard the provision of important ecosystem services for indigenous communities [6] .
We assume that the integration of local knowledge, scientific approach and government systems to build an MSP is very effective and faster to develop MPA zoning systems by considering the optimum allocation of the existence of ecosystems that guarantee the natural metabolic processes of the fisheries system in the bay. This study aims to illustrate how a participatory mapping is succeeded to define the cause roots of bay management issues and problems and established MSP in a local MPA by zoning system.
The integration of local knowledge systems and formal-government systems is very effective and faster to develop MPA zoning systems by considering the optimum allocation of the existence of ecosystems that guarantee the natural metabolic processes of the fisheries system in the bay. This paper illustrates the process of prioritizing spatial zoning led by stakeholders for a small area known as Jor Bay on Lombok Island, informed by science and supported by a systematic conservation planning approach. This process has been sufficiently helpful to ensure that the resulting biodiversity planning is adequately represented in the expansion of protected areas and embed the results into wider land-use decision making, including working with local communities.
Materials and methods

Study area
The geographic setting for this study was Jor Bay, which is located at East Lombok West Nusa Tenggara Province, Indonesia, encompasses 1,007.96 hectares ( Figure 1 ). The study was conducted in January -December 2018. 
Data collection
The study was conducted by using participatory planning and mapping for a marine conservation area. LPATJ initiated conservation program in Jor Bay as a local NGO who has mandated to manage the bay, in collaboration with academician group who join-led the systematic conservation planning process. Participatory mapping is a type of public participation that includes the generation and/or use of spatial information for a variety of purposes. Participatory mapping is highly variable in design and implementation [7] . In this study, to facilitate participatory mapping, the community formed a Working group (kelompok kerja -Pokja). Pokja were formed consist of from the representatives of community, stakeholders and policymakers to support all planning process. Pokja quickly grew to consist of representatives from all of the community groups, government representative, as well as village governmental agent. Every stage of the planning process, i.e. collecting data, defining the issues and problems, a survey to resources mapping, analysis and zoning were reviewed by Pokja and consulted to stakeholders and policymakers by Meeting and Focus Group Discussion (FGD), particularly in zoning process to ensure the spatial prioritization allocation. We consulted with stakeholders and policymakers as well as Village Government during every stage of the planning process to ensure the spatial prioritization remained relevant.
Data collected are both spatial-ecological and social data. Both spatial data are collected by the participatory method. This method is needed to support the processes and stages of spatial planning [8] . Geographic Information System (GIS) is a system used as a decision support tool that can assist in making decisions to determine the spatial allocation in MSP by identifying various options for areas that require special management, both protected areas or core zones and fishing areas.
1) Social Data
Social data includes all human activities that are used to identify important community activities related to the utilization of marine resources. The data include all existing community activities in the areas, such as capture fisheries, mariculture, sea transport, tourism, etc. Social-spatial data were generated through participatory mapping, satellite image analysis, and field observations and ground checkpoint using Global Positioning System (GPS) involving the local community. Participatory mapping methods can assess the consistency, compatibility, and potential conflict of zoning with public values and preferences in a general plan revision process using a coastal community [5] . Therein lies the basis for what is, in fact, local knowledge and tradition of viewing natural resource sectors.
2) Ecological Data
Ecological data are necessary to identify the importance of habitat and ecosystem quality for biodiversity conservation and delivery of ecosystem services [8] . The data covers the distribution and quality of coral reef, seagrass meadow mangrove, coastal and small islands. Ecological-spatial data were obtained through participatory mapping, satellite image analysis and field surveys using the line intercept transect (LIT) method for coral reef ecosystems, and quadratic transects for coral reef, mangrove and seagrass ecosystems [9] , and then also involves the local community.
Analysis
Issues and Problems Analysis
FGD collects the issues and problem and following by snowball technique to in-depth problems roots. The connectivity and relation among the problems found then analysed using DPSIR (Driver, Pressure, State, Impact and Response) tools. DPSIR is framework comprises a systematic approach to environmental management by exploring the interdisciplinary links among socioeconomic drivers, environment-related pressures, state of the environment, impacts of environmental changes and, finally, social responses to combat environmental degradation [10] .
Zoning Analysis 1) Defining indicators and targets
The indicators are based on Guideline for the Preparation of Management and Zoning Plans for Marine, Coastal and Small Islands Protected Areas [9] , especially in ecological and social indicators, adapted to existing conditions in the Jor Bay area. Targets for core zones are made up of at least 2% of the total area (1,007.96 hectares) to optimize conservation objectives. Locally, zoning systems are also built on existing rules, community activities, and conservation actions. Based on the workshop and community consultations recommendations [11] , the prioritized conservation option should be: a. focus on Jor Bay's importance ecosystem, explicitly including threatened species; b. incorporate the mangrove ecosystem; c. consider awiq-awiq rule; and, d. consider new activities development, especially marine tourism.
2) Overlay analysis
Zoning analysis was generated using the overlay method from the ecological and social data and consensus. In the overlay processes, the data combination is a valuable step in spatial allocation explicitly to multiple users and coastal biodiversity conservation and identifying trade-off. Then, the result of overlaying is reaffirmed based on the result of scientific assessment by the condition of ecological quality and community utilization activities (as calibration), so the conflict of spatial allocation can be avoided. To reassure the results, a public consultation was held again to establish the agreed zoning system.
The stakeholders have been agreed that due to data availability, the map of species distribution needs to be developed, and the spatial analysis use Marxan, a software package designed to identify sets of priority areas that meet quantitative targets for specified conservation features while minimizing costs and maintaining connectivity [12, 13] . All stakeholders were kept up-to-date and remained involved as the spatial conservation prioritization was developed and completed. 
Result and discussion
Socio-ecological system profile of Jor Bay
Social system
Administratively, Jor Bay covers two villages, namely Paremas and Jerowaru Villages which are divided into seven sub-villages (SV) (Poton Bako, Telong elong, Jor, Tutuk, Permas, Keranji and Gili Belek), the number of inhabitants around Jor Bay is 16,528 peoples and 4,030 households, which is Paremas Village 3,025 inhabitants (680 households). The Jerowaru village has 13,503 inhabitants (3,350 households) with a density of population is 807.11 inhabitants/km 2 . There were 820 fishers in the Bay (210 in Jerowaru and 610 in Paremas) ( Figure 2) , and there was 217 mariculturist in total who taking activity in the bay for two villages (Figure 3 ) [14] .
Ecological system
Jor Bay have plenty and complete coastal ecosystems, such as mangroves, coral reefs and seagrass beds, each of which has interrelated functions to support fisheries activities in Jor Bay [14] [15] [16] . Map of the distribution of the three ecosystems in Jor Bay shown as Figure 4 . There is no zoning recently; current utilization of the Bay is only for fishing and mariculture. The distribution map of the utilization of the bay is shown in Figure 5 . 
No
Species
Sonneratia alba √ √ √ √ √ √ √ Source: [17] Note: S1 = in Poton Bako sub-village; S2 = in Telong Elong sub-village; S3 = in Jor sub-village; S4 = in Tutuk sub-village; S5 = in Permas-I sub-village; S6 = in Permas-II sub-village; S7 = in Keranji subvillage; √ = found; -= not found; * = found out the transect. [17] . Note: the location (S1-S7): S1 = in Poton Bako sub-village; S2 = in Telong Elong sub-village; S3 = in Jor sub-village; S4 = in Tutuk sub-village; S5 = in Permas-I sub-village; S6 = in Permas-II subvillage; S7 = in Keranji sub-village. [17] . Note: the location (S1-S7): S1 = in Poton Bako sub-village; S2 = in Telong Elong sub-village; S3 = in Jor sub-village; S4 = in Tutuk sub-village; S5 = in Permas-I sub-village; S6 = in Permas-II subvillage; S7 = in Keranji sub-village. Table 1 , it was shown that Sonneratia alba was found in all stations. Another species that is also found in almost all stations is R. mucronata. The beaches with mud substrate type were dominated by S. alba, while beaches with mud and sand substrate type were dominated by R. mucronata and R. stylosa. The tree-level density in Poton Bako SV is the highest density with a value of 4 534 ind /ha, while the lowest density of the tree level is found in Tutuk SV with a density value of 2 600 ind /ha [17] . An assessment of mangrove density at the tree, stake, and seedling level in Jor Bay is presented in Table 2 and Table 3 . [17] . Note: the location (S1-S7): S1 = in Poton Bako sub-village; S2 = in Telong Elong sub-village; S3 = in Jor sub-village; S4 = in Tutuk sub-village; S5 = in Permas-I sub-village; S6 = in Permas-II subvillage; S7 = in Keranji sub-village.
Based on
In all locations, the density of mangrove species was categorized as good (dense), especially at the tree and stake level. This shows that the condition of mangrove ecosystems in Jor Bay is still relatively good. The highest density at the tree, stake, and seedling level was found in Species R. mucronata. Meanwhile, the lowest density was found in species C. tagal at the level of trees, stake, and seedling. This assessment refers to the Decree of the Minister of Environment No. 201/2004, the criteria for the density of mangrove species at a value of <1,000 ind/ha, including the rare (damaged) category, 1,000 -<1,500 ind/ha including the medium (good) category and ≥ 1,500 ind/ha is included in the very solid (good) category [9] .
Source: [17] . Note: Aa = Avicennia alba, Ct = Ceriops tagal, Rm = Rhizophora mucronata, Rs = Rhizophora stylosa, Sa = Sonneratia alba. R. mucronata is one of mangrove species that have high adaptability; this causes R. mucronata to grow and survive more easily. This condition was also confirmed by fisher and communities in Jor Bay, where most of the R. mucronata species in Jor Bay, especially at Poton Bako SV were the result of community planting, mangrove vegetation at the site looks neatly arranged which shows it is the result of rehabilitation and not natural growth.
The influence and role of mangrove type in the community are described by the Importance Value Index (IVI/INP) ( Figure 6 Species S. alba and R. mucronata dominate in almost all observation locations. The distribution of S. alba species increased when the location led to the mainland and at the location has relatively small waves and a greater amount of mud. Different research was found the different data that the INP of S. alba is the highest value of INP, which is dominated by the type of S. alba. This data shows that during 2016-2018 there were no significant changes when viewed from the mangrove structure [18] . However, if viewed from the perspective of species density, it can be said that there has been a positive growth of the mangrove ecosystem. This condition is seen in the difference in the value of mangrove density in 2016 [18] , mangrove density was 867 ind/ha, while in 2018 (this study) mangrove density was known to be 3,200 ind/ha. When viewed from the density value of each type of stand, it is suspected that there has been positive growth in the mangrove ecosystem. This status can be seen from the increase in the number of trees in 2018 when compared to 2016, and conversely a decline in the number of seedlings in 2018. In more detail, changes in the value of mangrove density from 2016 to 2018 are presented in Table 5 . [17] .
3) Sea Grass
The seagrass ecosystem for the Jor Bay community is one of the important fishing areas, especially fishermen with a gill net, fishing and traditional fishing gear called "madak" [14] . Utilization of seagrass ecosystems is currently limited to the fishing ground. Seagrass ecosystems in Jor Bay are found in the outer bay waters of the left side around Sub-Village Telong Elong and Sub Village Paton Bako [17] .
4) Fish Resources
Fish resources in Jor Bay are very diverse. There are several types of fish found both in inner and outer bays. In addition to the potential for fish farming, Jor Bay also has a high potential for capture fisheries. This can be seen from the catches of fishermen with catchment areas around Jor Bay. In the mangrove ecosystems of Jor Bay there is much meroplankton, and fish larvae found. The mangrove WSC 2019 IOP Conf. Series: Earth and Environmental Science 414 (2020) 012001 IOP Publishing doi:10.1088/1755-1315/414/1/012001 11 ecosystem in Jor Bay is used as a place to enlarge fish larvae before they finally mature and return to the sea [19] . There are several types of fish obtained around the bay, as shown in Table 6 . Some types of fish that are often used by surrounding communities include snapper (Lutjanidae), grouper (Serranidae), Lethrinidae, and Haemulidae [15] . 12 
Problems mapping
There are at least three key elements that will have an impact-related with the issues and problem on society to manage a conservation area such as Jor Bay: societies, economies and communities dependent on environmental services and natural resources always have an ecosystem, human and management/governance components to them. One cannot properly understand a coupled humannature system without taking an integrated approach that incorporates these multiple considerations. Therein lies the basis for what is, in fact, a long tradition of viewing [20] . The problems found in Jor Bay are complex, but briefly cause four main problems: (a) degradation of Jor Bay resources, (b) declining productivity of waters and ecosystems, (c) low community welfare and (d) ineffective Jor Bay management institutions. By using the DPSIR approach, the main issues, problems and its the connectivity among the problems in Jor Bay were asses and the Defined cause roots issues and problems in Jor Bay as Figure 7 . 
Community-Based Zoning System of Jor Bay
The recommended outcome of discussions and consultations between the parties is that conservation activities should: i) focus on the habitat and biodiversity of Jor Bay, explicitly including threatened species; ii) determine the specific location allocated for each community activity; and iii) consider the role of local communities to be involved in managing including monitoring their implementation. The stakeholders also agreed that complete data and maps of the ecosystem and species distribution need to be as detailed as possible. All stakeholders are always informed and must continue to be involved when spatial conservation priorities are developed and implemented. The decision zoning system agreed by the parties in the MPA Jor Bay area is as table 7. Source: Community consensus decision on a spatial plan, 2018.
The area determined for each designation zone within the Jor Bay's MPA area is divided into four zones as shown in Table 8 . The zoning system in the marine protected area (MPA) in Jor Bay is spatially shown in Figure 8 . The community in Jor Bay has been agreed in consensus on the allocation of space intended for ecosystem protection while still paying attention to the interests of the people who use bay resources as their source of livelihood. This success story also provides evidence that the Community in Jor Bay has successfully used the participatory mapping method [5] , that participatory mapping can assess data and information as well as the consistency, compatibility and potential of zoning conflicts with consideration and preference of the public interest in the process improvement plans that will provide benefits to coastal communities. 
Conclusions
By participatory local community-based approach combined with a scientific-technological based support, a marine spatial plan (MSP) with a zoning system in a marine protected area (MPA) in Jor bay is more easily formed and accepted by the community to strengthen the enforcement of Awiq-awiq in Jor Bay. MSP in Jor Bay is very important as an instrument to manage the bay so that it can accelerate the effectiveness of MPA zoning implementation optimally so that in addition to preserving the marine ecosystem, it also ensures that the natural metabolic processes of the fisheries management system can continue to work sustainably.
